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Effect of air pollution on onset of acute coronary 
syndrome in susceptible subgroups
M. Qorbani,1,3 M. Yunesian,2 A. Fotouhi,3 H. Zeraati 3 and S. Sadeghian 4
ABSTRACT While long-term exposure to air pollutants is associated with an increase in heart diseases and 
mortality, little information is available about the short-term effects of air pollution. This case–crossover study 
assessed the relationship of particulate matter (PM10) and carbon monoxide (CO) levels with hospital admission 
for acute coronary syndrome in Tehran, Islamic Republic of Iran. We interviewed 250 patients with a first 
episode of acute coronary syndrome and obtained data from hospital records and Tehran Air Quality Control 
Company. The risk of acute coronary syndrome was significantly associated with elevated concentrations of CO 
the day before the event (OR 1.18; 95% CI: 1.03–1.34) but not significantly with PM10 (OR 1.00; 95% CI: 0.99–1.02). 
Stratification by age, sex, diabetes, hypertension and smoking status did not affect the results, but women were 
more susceptible than men to CO levels (OR for women/men 1.68; 95% CI: 1.25–2.26).
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رطاخملل ةسا َّسلحا ةيعرفلا تاعومجلما في ةدالحا ةيجاتلا ةمزلاتلما لىع ءاولها ثولت يرثأت
نايقداص ديعس ،يتعارز ةجح ،يحوتف بركأ ،نايسنوي دوعسم ،نيابرُق ىفطصم
 ةليلق تامولعم كانه نأ لاإ ،تايفو نم اهنع مجني امو بلقلا ضارمأ في ةدايز عم طبارـتي ءاولها تاثوللم دملأا ليوطلا ض ُّرعتلا نأ نم مغرلا لىع :ةصلالخا
 يداحأو )PM10( ةَّيت َامْي َاسُلجا داولما تايوتسم ينب ةقلاعلل ةضرعتسلما ةساردلا هذه ْتَايرجأ كلذ لجأ نم .ءاولها ثولتل دملأا ةيرصقلا تايرثأتلا لوح ةحاتم
 ينتئم عم تلاباقم نوثحابلا ى َارجأ دقو .ةيملاسلإا ناريإ ةيروهجم في ،نارهط في كلذو ،ةدالحا ةيجاتلا ةمزلاتلما ببسب ىفشتسلما لوخد ينبو نوبركلا ديسكأ
 ةبقارم ةكشر نمو ،ىفشتسلما تلاجس نم تايطعم لىع نوثحابلا لصح مك ،ةدالحا ةيجاتلا ةمزلاتلما تابون نم ةبون لوأ نم نوناعي اوناك ًاضيرم ينسخمو
 قباسلا مويلا في نوبركلا ديسكأ يداحأ تازيكرت عافترا ينبو ةدالحا ةيجاتلا ةمزلاتلما ثودح ينب ًايئاصحإ هب ُّدَاتْعُي ٌطُبارـت ظحوُل دقو .نارهط في ءاولها ةدوج
 ؛OR = 1.00) PM10 ةَّيتميسلجا داومب طبتري لم هنكلو داولما عم هب ُّدتعُي طُبارـت ظحلاي لم ينح في )1.34–1.03 :%95 ةقثلا ةلصاف ؛OR = 1.18( ةمزلاتلما ثودلح
 نكلو ،جئاتنلا لىع رثؤي لا ينخدتلاو مدلا طغض طرفو يركسلاو سنلجاو رمعلا بسحب فينصتلا نأ نوثحابلا دجو مك .)1.02–0.99 :%95 ةقثلا ةلصاف
.)2.26–1.25 :%95 ةقثلا ةلصاف ؛OR = 1.68 لاجرلا/ءاسنلل ةيحجرلأا ةبسن( نوبركلا ديسكأ يداحأ تايوتسمب لاجرلا نم ًارثأت رثكأ َّنُك ءاسنلا
Effet de la pollution atmosphérique sur la survenue d'un syndrome coronarien aigu dans des sous-groupes 
vulnérables
RÉSUMÉ Alors qu'une exposition à long terme aux polluants atmosphériques est associée à une augmentation 
des pathologies cardiaques et de la mortalité, peu de données sont disponibles sur les effets à court terme 
de la pollution atmosphérique. La présente étude de cas croisés a recherché la relation entre les taux de 
particules, de monoxyde de carbone et le nombre des admissions à l'hôpital pour un syndrome coronarien 
aigu à Téhéran (République islamique d'Iran). Nous avons interrogé 250 patients présentant un premier épisode 
de syndrome coronarien aigu et avons obtenu des données à partir des dossiers hospitaliers et de la société 
de contrôle de la qualité de l'air à Téhéran (Tehran Air Quality Control Company). Le risque d'un syndrome 
coronarien aigu était fortement associé à des concentrations élevées de monoxyde de carbone le jour précédent 
l'événement (O.R. 1,18 ; IC à 95 % : 1,03–1,34) mais faiblement associé aux taux de particules (O.R. 1,00 ; IC à 95 % : 
0,99–1,02). La stratification par âge, par sexe, par l'état diabétique ou hypertendu et par le statut tabagique 
n'influait pas sur les résultats. En revanche, les femmes étaient plus vulnérables que les hommes aux niveaux de 
monoxyde de carbone (O.R. pour les femmes/hommes 1,68 ; 95 % IC à 95 % : 1,25–2,26).
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Introduction
Epidemiological studies worldwide 
have shown that exposure to high con-
centrations of air pollutants are associ-
ated with an increase in heart diseases 
and mortality [1–4]. Nevertheless, 
little information about the short-term 
effects of air pollution is available us-
ing a methodology that minimizes the 
personal characteristics of patients as 
confounders (case–crossover design). 
The harmful effects of particulate matter 
up to 10 μm in size (PM10) and car-
bon monoxide (CO) concentrations 
have been shown in multiple studies of 
hospital admissions for respiratory and 
heart diseases [1–5]. These results sug-
gest that air pollution is a risk factor for 
respiratory disease and acute cardiovas-
cular events. More recently studies have 
shown susceptibility of some subgroups 
to the effect of air pollution [6–8]. For 
example, Zanobetti et al. reported that 
patients with diabetes might be more 
susceptible to heart diseases associated 
with particulate matter [9].
Acute coronary syndrome (ACS) 
includes unstable angina and myocar-
dial infarction (MI). In both condi-
tions the coronary artery blood flow 
is impaired due to arteriosclerosis or 
thrombosis. In the Islamic Republic 
of Iran Hosseinpoor et al. showed that 
hospital admissions for angina pectoris 
in Tehran increased with increasing CO 
but did not relate to PM10 levels (using 
a time-series approach [10]). In the 
present study in Tehran we investigated 
the effect of air pollution (CO and PM10 
levels) in the 24 hours before the onset 
of ACS and whether the classic risk 
factors of ACS (age, sex, diabetes, hy-
pertension and smoking status) acted 
as potential effect modifiers.
Methods
We used a case–crossover design 
to evaluate the association between 24-
hour average concentrations of CO and 
PM10 and risk of hospital admission for 
ACS. The study was conducted from 4 
April to 10 September 2007.
Sample
All 250 patients with their first episode 
of ACS who were emergency admis-
sions to Tehran heart centre were in-
terviewed. Interviews were conducted 
by trained research nurses on the 
emergency ward as soon as possible 
after the admission. For inclusion in the 
study, patients were required to have 
following criteria: typical symptoms 
of ACS onset (while in Tehran city); 
positive ECG (ST segment elevation 
or T inversion); creatine kinase level 
≥ 1 above the upper limit of normal 
for the hospital laboratory performing 
the test; and the ability to complete a 
structured interview.
Data collection
We considered the classic risk factors 
of ACS (age, sex, diabetes, hyperten-
sion and smoking status) as potential 
effect modifiers. The information on 
hypertension, diabetes and smoking 
status was taken from the hospital 
database.
Hourly and daily air pollution 
measurements were taken from the 
Tehran Air Quality Control Com-
pany. This company has 7 fixed and 2 
portable monitoring stations within 
the city. We computed local daily 
mean values of PM10 and CO using 
an algorithm that accounted for the 
different monitor-specific means and 
variances [11]. PM10 concentration 
was measured continuously with 
beta-ray atomic absorption and CO 
concentration was measured with a 
continuous non-dispersive infrared 
analyser. The PM10 series had some 
occasional missing observations, and 
we replaced the missing values with 
the predicted values from a regression 
where we controlled for season and 
weather variables and which have been 
shown to be a good predictor of fine 
particle concentration.
Statistical analysis
The analysis of case-crossover data 
is similar to stratified data analysis 
[12–14]. For each subject, data on 
pollutants in a case period 24 hours 
before the onset of ACS was matched 
to data for a control period exactly a 
week before. This allowed us to control 
for confounders due to the day of onset 
of ACS. Conditional logistic regres-
sion analysis was fitted to the data to 
calculate the odds ratio (OR) and 95% 
confidence interval (CI) [15]. Expo-
sures to PM10 and CO were entered as 
continuous variables in the model. Rela-
tive humidity and temperature were 
included continuously as confounding 
variables in a conditional logistic model. 
Holiday status of that day of the week 
was analysed in 3 categories (holiday, 
day after holiday and other). Due to the 
lack of normal distribution of the data 
Wilcoxon test for paired samples was 
used to compare independent variables 
in the case and control periods.
Stratified analysis was used to assess 
the effect modification of the associa-
tion between onset of ACS and CO and 
PM10 exposure. We considered age (≤ 
60 and > 60 years), sex, smoking status, 
diabetes and hypertension as probable 
effect modifiers. Smoking status was 
analysed in 3 categories: never smoker, 
current smoker and ex-smoker. Hyper-
tension was defined as systolic blood 
pressure ≥ 140 mmHg or diastolic 
blood pressure ≥ 90 mmHg (in physi-
cian’s notes) or use of antihypertensive 
drugs. Diabetes was determined based 
on fasting blood sugar level > 126 mg/
dL or use of antidiabetic medication. 
These results were presented as OR 
and 95% CI. P-values < 0.05 were con-
sidered statistically significant. Analyses 
were conducted using Stata/SE, version 
10.0 software.
Results
Among 250 participants, 20% were cur-
rent smokers, 41% were ex-smokers and 
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the rest were never smokers (Table 1). 
One-quarter (24%) were hypertensive 
and 34% had diabetes. The sex distribu-
tion of participants was approximately 
equal (51% male versus 49% female). 
The mean age of the study group was 63 
(SD 14) years and 58% of subjects were 
≤ 60 years old.
Table 2 show the distribution of 24-
hour average concentration of pollut-
ants (CO and PM10), relative humidity 
and temperature in the case and control 
periods. A statistically significant dif-
ference between the case and control 
periods was seen only in mean daily 
concentration of CO. 
Table 3 summarizes the association 
between air pollutants (CO and PM10 
as continuous measures) and the risk of 
onset of ACS. A statistically significant 
relationship was seen only for elevated 
risks of ACS and mean daily concentra-
tion of CO. The OR was 1.18 (95% 
CI: 1.03–1.35) unadjusted and 1.18 
(1.03–1.35) when adjusted for tem-
perature, humidity and holiday status. 
The 24-hour average concentration of 
PM10 also showed a positive association 
but did not reach statistical significance.
The relationship between CO 
level and ACS was not significantly af-
fected by age, smoking status, diabetes 
or hypertension (P > 0.05) (Table 1). 
However, there was as association of 
CO level and ACS with patient’s sex. 
Stratified analyses by age, sex, diabetes, 
hypertension and smoking status are 
displayed in Table 4. The risk for wom-
en was significantly greater than for men 
with regard to CO level (OR 1.68; 95% 
CI: 1.25–2.26) (interaction P-value < 
0.001). Stratification by these potential 
effect modifiers did not change the rela-
tionship between PM10 and ACS.
Discussion
Although prior evidence have shown 
that elevated levels of particulate matter 
are linked with MI and cardiovascular 
diseases [16,17], this study could not 
demonstrate any association between 
an increase in 24-hour average concen-
tration of PM10 and ACS on the day 
before onset of the event. Even stratifi-
cation of cases by effect modifiers did 
not change this association.
In this study a high 24-hour average 
concentration of CO on the day before 
onset was associated with ACS. This 
result was consistent with Hosseinpoor 
et al.’s results in Tehran which showed 
a positive association between CO 
and angina pectoris in a retrospective 
time–series study [10]. Adjustment for 
weather conditions and holiday status 
did not change this association dramati-
cally. Women had a higher OR for the 
association between CO level and ACS 
compared with men.
As Tehran is a big city with more 
than 10 million inhabitants, a large 
number of people may be exposed to 
air pollution and may be affected as a 
consequence of high levels of air pol-
lutants. Although the concentration of 
pollutants such as CO in ambient air 
may not be especially high most of the 
time, we can expect a considerable rise 
in admissions due to the huge number 
of people exposed, keeping in mind 
Table 1 Demographic characteristics of patients with first episode of acute coronary syndrome according to mean levels of 
particulate matter (PM10) and carbon monoxide (CO) in the case period (24-hours before event) and control period (1 week 
before)
Variable No. of 
patients
% Mean (SD) CO level (ppm) Mean (SD) PM10 level (µg/m
3)
Case period Control period Case period Control period
Sex
Male 129 51 3.71 (2.43) 3.18 (2.32) 46.5 (26.3) 39.6 (22.7)
Female 121 49 3.89 (2.38) 3.09 (2.30) 46.7 (25.6) 39.5 (23.2)
Age (years)
≤ 60 143 58 3.79 (2.44) 3.15 (2.31) 46.4 (25.8) 39.6 (22.7)
> 60 107 42 3.80 (2.41) 3.12 (2.39) 46.9 (25.8) 39.7 (22.9)
Smoking status
Smoker 49 20 3.88 (2.41) 3.11 (2.31) 46.6 (27.0) 39.8 (22.8)
Ex-smoker 103 41 3.77 (2.37) 3.17 (2.34) 46.7 (26.1) 39.6 (23.0)
Never smoker 98 39 3.78 (2.39) 3.15 (2.32) 46.4 (27.9) 39.6 (23.1)
Diabetes
Yes 85 34 3.85 (2.41) 3.09 (2.37) 46.4 (26.2) 40.5 (22.0)
No 165 66 3.69 (2.44) 3.17 (2.32) 46.7 (25.9) 39.1 (22.9)
Hypertension
Yes 65 24 3.82 (2.40) 3.13 (2.30) 46.5 (25.7) 40.6 (22.8)
No 185 76 3.71 (2.39) 3.14 (2.34) 46.6 (25.7) 39.2 (22.5)
SD = standard deviation.
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that the odds ratio was not so small. So 
these effects may be of significant public 
health importance because exposure to 
CO is ubiquitous and involuntary in big 
cities such as Tehran.
Our results are consistent with Sul-
livan et al.’s results [6]. They did not 
demonstrate any association between 
levels of particulate matter and MI. 
Stratification of cases by age, diabetes 
and hypertension did not modify this 
association, which agrees with our re-
sults. However, our results concerning 
the association between PM10 and ACS 
contradict the results of Peters et al. in 
Boston and D’Ippoliti et al. in Rome, 
who showed positive associations be-
tween total suspended particulate levels 
and MI [7,16]. Differences in fine par-
ticulate matter composition between 
cities may explain this discrepancy. 
Particulate matter in Tehran is low in 
sulfates [18]. Analyses of particulate 
matter in Canada demonstrated that 
sulfate in particulate matter has a direct 
association with cardiovascular disease 
[19]. Another reason for differences 
between our results and Peters et al. and 
D’Ippoliti’s studies is that these studies 
assessed all particulate matters and NO2 
as pollutants. As NO2 is converted to ni-
trates and it contributes to fine particle 
mass, it may explain the difference.
Sensitivity of susceptible subgroups 
to air pollution is has been debated and 
few studies have been performed to 
clarify this ambiguous point [8,20,21]. 
The effect modification by sex that was 
seen in our data (with a stronger effect 
among women) is not surprising given 
similar results already observed in other 
studies on air pollution and respiratory 
and cardiovascular disease mortality 
[22–24]. One explanation of women’s 
greater response to air pollution may be 
their bronchial hyper-responsiveness 
to soot and pollutants [25]. Stratifica-
tion by diabetes, hypertension, smoking 
status and age did not change the as-
sociations and ORs in our study.
Estimates for the association be-
tween PM10 and ACS were similar 
among those with or without the po-
tential effect modifiers. Zanabetti et al. 
demonstrated that diabetic patients 
are more susceptible to cardiovascular 
events (and hospital admissions) as a 
result of particulate matter exposure 
[26]. There is a need for further research 
on effect modifiers.
The most advantageous feature of 
the case–crossover design used in our 
study is that it minimized the prob-
ability of confounding by individual 
variables [13,14]. Confounding may 
occur because of time-varying risk 
factors [27,28], such as time of day or 
weather conditions, which were con-
sidered in the multivariate analysis. As 
individuals comprise study units in this 
type of study, this approach can assess 
effect modification by within-person 
factors; however, the statistical power of 
the method is lower than in time-series 
analysis [29,30]. The main problem of 
this design is the selection of the control 
period [31,32]. Levy et al. presented a 
time-stratified method that seems to 
give the least biased strategy [33].
Our study used the data available 
from multiple air pollution monitor-
ing stations spread throughout the 
city area that enabled us to determine 
a reasonable estimate of the level of 
exposure of the participants. We exam-
ined patients with their first ACS event. 
These strategies might have increased 
the possibility of finding an association. 
There are some limitations to our study, 
however, that may originate from unidi-
rectional case–crossover studies. Such 
designs might be sensitive to trends in 
the exposure and the outcome [27,28]. 
There is the possibility of downward 
bias in this study due to the relatively 
short interval (1 week) between the 
hazard and control periods that may 
lead to low variability of exposure. An-
other factor is that we were not able to 
include the levels of fine particulates 
(PM2.5) in the analysis. Including only 
patients able to complete structured 
interview may have lead to the exclu-
sion of more serious cases of ACS. This 
may bias our results to null, because the 
more severe cases are expected to have 
stronger association with air pollution. 
The physicians and research team in 
Table 2 Distribution of mean levels of particulate matter (PM10) and carbon 
monoxide (CO) and weather conditions in the case period (24-hours before 
event) and control period (1 week before) for patients with first episode of acute 
coronary syndrome (n = 250) 
Variable Case period Control period P-valuea
Mean (SD) Mean (SD)
CO level (ppm) 3.79 (2.37) 3.14 (2.29) 0.01
PM10 level µ)g/m
3) 46.6 (25.5) 39.6 (22.0) 0.18
Temperature (°C) 20.2 (4.5) 19.8 (4.5) 0.48
Humidity (%) 35.3 (18.5) 34.1 (14.4) 0.57
aWilcoxon test 
SD = standard deviation.
Table 3 Odds ratio for 24-hour mean levels of particulate matter (PM10) and carbon 
monoxide (CO) for patients with first episode of acute coronary syndrome (n = 
250)
Pollutant Unadjusted
OR (95% CI)
Adjusted
OR (95% CI)a
CO level (ppm) 1.18 (1.03–1.35) 1.18 (1.03–1.35)
PM10 level µ)g/m
3) 1.00 (0.99–1.02) 1.00 (0.99–1.02)
aAdjusted for temperature, humidity and holiday status. 
OR = odds ratio; CI = confidence interval.
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this study were not informed about air 
pollution conditions at the time of data 
collection and so we would not expect 
considerable information bias to occur. 
Although we measured and adjusted 
for probable confounders in our study, 
random error in measurement of these 
might have occurred, and this could 
increase the residual confounding.
In conclusion, this study provides 
evidence that short-term exposure to 
elevated concentrations of CO can 
trigger ACS and that women are more 
susceptible than men.
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Transport (road transport): shared interests in sustainable outcomes (Social Determinants of Health 
Sectoral Briefing Series, 3)
By providing information on other sectors agendas and policy approaches, and their health impacts, and by illustrating 
areas for potential collaboration, the Social Determinants of Health Sectoral Briefing Series aims to encourage more 
systematic dialogue and problem solving, and more collaboration with other areas of government. The target audience 
for the series is public health officers, who are not experts on determinants of health, but who have responsibilities for 
dealing with a broad range of development issues and partners.
The above-mentioned briefing describes challenges facing transport policy-makers and authorities, how they address 
them, and areas for potential collaboration between health and transport. There are three sections. First, an overview of 
the transport sector, which covers mutual public policy interests of transport and health; global trends in road transport; 
and transport policy challenges from the perspective of the transport sector. Second, a more detailed description is 
given of 5 policy goals related to the transport sector and policy approaches, health impacts and pathways, and examples 
of areas for joint work between health and transport are covered. Finally, the briefing provides summary messages to 
permit those with limited time to obtain a well-rounded perspective of the topic by reading only sections one and three.
Further information about this and other WHO publications is available at: http://apps.who.int/
bookorders/anglais/home1.jsp
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